Mechanistic insight into the dominant mode of the Parkinson's disease-associated G2019S LRRK2 mutation.
Pathogenic mutations in the leucine-rich repeat kinase-2 (LRRK2) gene cause autosomal-dominant and certain cases of sporadic Parkinson's disease (PD). The G2019S substitution in LRRK2 is the most common genetic determinant of PD identified so far, and maps to a specific region of the kinase domain called the activation segment. Here, we show that autophosphorylation of LRRK2 is an intermolecular reaction and targets two residues within the activation segment. The prominent pathogenic G2019S mutation in LRRK2 results in altered autophosphorylation, and increased autophosphorylation and substrate phosphorylation, through a process that seems to involve reorganization of the activation segment. Our results suggest a molecular mechanistic explanation for how the G2019S mutation enhances the catalytic activity of LRRK2, thereby leading to pathogenicity. These findings have important implications for therapeutic strategies in PD.